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DESCRIPTION 

Voltage Conversion Apparatus, Voltage C onversion Method, and 
Computer-Readable Recording Mediu mj^ith-fa^graguReaoxde d Thereon 
5 to Allow Computer to Execute Voltage Conversion Control 



Technical Field 

The present invention relates to a voltage conversion apparatus converting a 
direct current voltage from a DC power supply into a designated voltage, a voltage 
10 conversion method of converting a direct current voltage into a designated voltage, and 
a computer-readable recording medium with a program recorded thereon to allow a 
computer to execute control of voltage conversion for converting a direct current 
voltage into a designated voltage. 

15 Background Art 

Hybrid vehicles and electric vehicles are now attracting considerable attention as 
automobiles taking into account environmental matters. Some hybrid vehicles are now 
commercially available. 

Such hybrid vehicles employ a DC power supply, an inverter, and a motor driven 

20 by the inverter as well as a conventional engine, as the power source. Specifically, 

power is generated by driving the engine, as well as by the rotation of the motor based 
on converted alternating voltage, achieved by conversion of a direct current voltage 
from a DC power supply by means of an inverter. An electric vehicle employs a DC 
power supply, an inverter, and a motor driven by the inverter as the power source. 

25 In such hybrid vehicles and electric vehicles, an approach is known to boost a 

direct current voltage from a DC power supply by a voltage-up converter, and supplying 
the boosted direct current voltage to the inverter that drives the motor (for example, 
Japanese Patent Laying-Open No. 2001-275367). 
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Specifically, a hybrid vehicle or an electric vehicle incorporates a motor driver 
shown in Fig. 23. Referring to Fig. 23, a motor driver 300 includes a DC power supply 
B, system relays SRI and SR2, capacitors CI and C2, a bidirectional converter 3 10, a 
voltage sensor 320, and an inverter 330. 
5 DC power supply B outputs a direct current voltage. System relays SRI and 

SR2 supply the direct current voltage from DC power supply B to capacitor CI when 
turned on by a control device (not shown). Capacitor CI smoothes the direct current 
voltage supplied from DC power supply B via system relays SRI and SR2, and supplies 
the smoothed direct current voltage to bidirectional converter 310. 

10 Bidirectional converter 3 10 includes a reactor 311, NPN transistors 3 12 and 3 13, 

and diodes 3 14 and 315. Reactor 311 has one end connected to a power supply line of 
DC power supply B and its other end connected at an intermediate point between NPN 
transistors 3 12 and NPN transistors 3 13, i.e. between the emitter of NPN transistor 3 12 
and the collector of NPN transistor 313. NPN transistors 3 1 2 and 3 1 3 are connected 

15 in series between the power supply line and the ground line. The collector of NPN 
transistor 3 12 is connected to the power supply line. The emitter of NPN transistor 
3 13 is connected to the ground line. Further, diodes 3 14 and 3 1 5 conducting a current 
from the emitter side to the collector side are connected between the collectors and 
emitters of NPN transistors 3 12 and 3 1 3, respectively. 

20 Bidirectional converter 3 10 has NPN transistors 3 12 and 3 13 turned on/off by a 

control device (not shown) to boost the direct current voltage from capacitor CI and 
provide the output voltage to capacitor C2. When the hybrid vehicle or electric vehicle 
in which motor driver 300 is incorporated is under regenerative braking, bidirectional 
converters 310 is powered by alternating current motor Ml to down-convert the direct 

25 current voltage converted by inverter 330 and supply the down-converted voltage to 
capacitor CI. 

Capacitor C2 smoothes the direct current voltage from bidirectional converter 
3 10 to provide the smoothed direct current voltage to inverter 330. Voltage sensor 
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320 detects the voltage across capacitor C2, i.e. the output voltage Vm of bidirectional 
converter 310. 

When direct current voltage is supplied from capacitor C2, inverter 330 converts 
the direct current voltage into alternating voltage under control of a control device (not 
5 shown) to drive alternating current motor Ml. Accordingly, alternating current motor 
Ml is driven to generate the torque specified by a torque control value. When the 
hybrid vehicle or electric vehicle in which motor driver 300 is incorporated is under 
regenerative braking, inverter 330 converts the alternating voltage generated from 
alternating current motor Ml into a direct current voltage under control of the control 
10 device to supply the converted direct current voltage to bidirectional converter 3 10 via 
capacitor C2 

When the direct current voltage output from DC power supply B is boosted and 
the output voltage Vm is to be provided to inverter 330 in motor driver 300, feedback 
control is effected so that output voltage Vm detected by voltage sensor 320 is equal to 

15 a voltage control value Vdccom. This feedback control is PI control. The PI control 
gain is determined so that output voltage Vm is equal to voltage control value Vdccom. 

In such a conventional motor driver, the PI control gain is determined and 
feedback control is effected employing the determined PI control gain to set the boosted 
output voltage Vm equal to voltage control value Vdccom. 

20 When the PI control gain is determined under a certain condition and control is 

fixed to the determined PI control gain, any change in output voltage Vm and voltage 
control value Vdccom will cause variation in the adjustment of the voltage applied 
across NPN transistor 3 13 in accordance with output voltage Vm even if the difference 
between output voltage Vm and voltage control value Vdccom is constant. As a result, 

25 the problem of variation in the follow-up property of output voltage Vm with respect to 
voltage control value Vdccom will occur. 

Disclosure of the Invention 
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In view of the foregoing, an object of the present invention is to provide a 
voltage conversion apparatus converting a direct current voltage into an output voltage 
such that the follow-up property of the output voltage with respect to a designated 
voltage is constant. 

5 Another object of the present invention is to provide a voltage conversion 

method of converting a direct current voltage into an output voltage such that the 
follow-up property of the output voltage with respect to a designated voltage is constant. 

The further object of the present invention is to provide a computer-readable 
recording medium with a program recorded thereon to allow a computer to execute 
10 control of voltage conversion converting a direct current voltage into an output voltage 
such that the follow-up property of the output voltage with respect to a designated 
voltage is constant. 

According to the present invention, a voltage conversion apparatus converts a 
direct current voltage from a DC power supply into an output voltage such that the 

15 output voltage is equal to a designated voltage, and includes a voltage converter, 
detection means, and control means. 

The voltage converter alters the voltage level of the direct current voltage to 
provide an output voltage. The detection means detects the output voltage from the 
voltage converter. The control means controls the voltage converter such that the 

20 follow-up property of the output voltage to the designated voltage in feedback control 
matches the reference property, and the output voltage is equal to the designated 
voltage, based on the detected output voltage and designated voltage. 

Preferably, the voltage converter includes a chopper circuit. The control means 
includes a feedback voltage control value calculation unit, a duty ratio calculation unit, 

25 and a switching signal generation unit. The feedback voltage control value calculation 
unit detects a difference between the output voltage and the designated voltage, 
determines the control gain in feedback control in accordance with the detected 
difference, and calculates a feedback voltage control value in feedback control such that 
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the follow-up property is equal to the reference property based on the determined 
control gain, the output voltage, and the difference. The duty ratio calculation unit 
calculates the switching duty ratio in the chopper circuit based on the calculated 
feedback voltage control value. The switching signal generation unit generates a 
switching signal having a switching duty ratio calculated by the duty ratio calculation 
unit to provide the generated switching signal to the chopper circuit. 

Preferably, the feedback voltage control value calculation unit calculates the 
feedback designated voltage by correcting the feedback preliminary voltage control 
value calculated using a control gain such that the follow-up property is equal to the 
reference property. 

Preferably, the feedback voltage control value calculation unit includes a 
subtracter, a gain determination unit, a computing element, and a corrector. 

The subtracter calculates the difference between the output voltage and the 
designated voltage. The gain determination unit determines the control gain based on 
the difference. The computing element calculates the feedback preliminary voltage 
control based on the determined control gain. The corrector corrects the feedback 
preliminary voltage control by converting the output voltage into the reference voltage 
where the follow-up property is equal to the reference property and provides a feedback 
voltage control value. 

Preferably, the corrector calculates the ratio of the reference voltage to the 
output voltage, and corrects the feedback preliminary voltage control value by 
multiplying the calculated result by the feedback preliminary voltage control value. 

Preferably, the feedback voltage control value calculation unit calculates the 
feedback voltage control value by correcting the difference such that the follow-up 
property is equal to the reference property. 

Preferably, the feedback voltage control value calculation unit includes a 
subtracter, a corrector, a gain determination unit, and a computing element. 

The subtracter calculates the difference between the output voltage and the 



designated voltage. The corrector corrects the difference such that the follow-up 
property is equal to the reference property. The gain determination unit determines the 
control gain based on the difference. The computing element calculates the feedback 
voltage control value based on the determined control gain and corrected difference. 
5 Preferably, the corrector corrects the difference by converting the output voltage 

into the reference voltage where the follow-up property is equal to the reference 
property . 

Preferably, the corrector calculates the ratio of the reference voltage to the 
output voltage, and corrects the difference by multiplying the calculated result by a 
10 difference. 

Preferably, the voltage converter includes a chopper circuit. The control means 
includes a feedback voltage control value calculation unit, a duty ratio calculation unit, 
and a switching signal generation unit. 

The feedback voltage control value calculation unit detects the difference 
15 between the output voltage and the designated voltage, determines the control gain in 

feedback control in accordance with the detected difference, and calculates the feedback 
preliminary voltage control value in feedback control based on the determined control 
gain, the output voltage, and the difference. The duty ratio calculation unit calculates a 
switching duty ratio of the chopper circuit such that the follow-up property is equal to 
20 the reference property based on the calculated feedback preliminary voltage control 

value and output voltage. The switching signal generation unit generates a switching 
signal having a switching duty ratio calculated by the duty ratio calculation unit, and 
provides the generated switching signal to the chopper circuit. 

Preferably, the duty ratio calculation unit calculates the switching duty ratio by 
25 correcting the preliminary duty ratio calculated using the feedback preliminary voltage 
control value such that the follow-up property is equal to the reference property. 

Preferably, the duty ratio calculation unit includes a computing element and a 
corrector. 
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The computing element calculates a preliminary duty ratio in accordance with 
the feedback preliminary voltage control value. The corrector corrects the preliminary 
duty ratio such that the follow-up property is equal to the reference property. 

Preferably, the corrector corrects the preliminary duty ratio by converting the 
5 output voltage into the reference voltage where the follow-up property is equal to the 
reference property . 

Preferably, the corrector calculates the ratio of the reference voltage to the 
output voltage, and corrects the preliminary duty ratio by multiplying the calculated 
result by the preliminary duty ratio. 

10 According to the present invention, a voltage conversion method effects 

feedback control such that the output voltage is equal to a designated voltage, and 
converts a direct current voltage from a DC power supply into an output voltage; the 
method including: a first step of detecting the output voltage; a second step of detecting 
a difference between a designated voltage and the output voltage; a third step of 

15 determining a control gain in accordance with the detected difference; and a fourth step 
of converting the direct current voltage into an output voltage such that the follow-up 
property of the output voltage with respect to the designated voltage in feedback 
control matches the reference property, and the output voltage is equal to the designated 
voltage, based on the determined control gain, the detected difference and the detected 

20 output voltage. 

Preferably, the direct current voltage is converted into an output voltage by a 
chopper circuit. The fourth step includes a first substep of calculating a feedback 
voltage control value that causes the follow-up property in feedback control to match 
the reference property based on the control gain, difference, and output voltage, a 

25 second substep of calculating a switching duty ratio of the chopper circuit using the 
feedback voltage control value, and a third substep of controlling the chopper circuit 
such that the output voltage is equal to the designated voltage, based on the switching 
duty ratio. 
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Preferably, the first substep includes the step of calculating a feedback 
preliminary voltage control value in feedback control based on the control gain and 
difference, and the step of calculating a feedback voltage control value by correcting the 
feedback preliminary voltage control value using the output voltage. 
5 Preferably, the step of calculating a feedback voltage control value includes the 

step of calculating a conversion ratio for conversion of the output voltage into a 
reference voltage where the follow-up property is equal to the reference property, and 
the step of multiplying the feedback preliminary voltage control value by the conversion 
ratio to calculate a feedback voltage control value. 

10 Preferably, the first substep includes the step of calculating a correction 

difference where the follow-up property is equal to the reference property by correcting 
the difference using the output voltage, and the step of calculating the feedback voltage 
control value based on the control gain and the correction difference. 

Preferably, the step of calculating a correction difference includes the step of 

15 calculating a conversion ratio for conversion of the output voltage into a reference 

voltage where the follow-up property is equal to the reference property, and the step of 
multiplying the difference by the conversion ratio to calculate a correction difference. 

Preferably, the direct current voltage is converted into the output voltage by a 
chopper circuit. The fourth step includes a first substep of calculating a feedback 

20 preliminary voltage control value in feedback control based on the control gain and 
difference, a second substep of calculating a preliminary switching duty ratio of the 
chopper circuit based on the feedback preliminary voltage control value , a third substep 
of calculating a switching duty ratio where the follow-up property is equal to the 
reference property by correcting the preliminary switching duty ratio using the output 

25 voltage, and a fourth substep of controlling the chopper circuit such that the output 
voltage is equal to the designated voltage based on the switching duty ratio. 

Preferably, the third substep includes the step of calculating the conversion ratio 
required for conversion of the output voltage into a reference voltage where the follow- 
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up property is equal to the reference property , and the step of multiplying the 
preliminary switching duty ratio by the conversion ratio to calculate a switching duty 
ratio. 

In accordance with the present invention, a computer-readable recording 
5 medium with a program recorded thereon to allow a computer to execute voltage 

conversion control of effecting feedback control such that an output voltage is equal to 
a designated voltage, and converting a direct current voltage from a DC power supply 
into an output voltage; causes a computer to execute: a first step of detecting the output 
voltage; a second step of detecting a difference between a designated voltage and the 

10 output voltage; a third step of determining a control gain in accordance with the 

detected difference; and a fourth step of converting the direct current voltage into an 
output voltage such that the follow-up property of the output voltage with respect to the 
designated voltage in feedback control matches the reference property, and the output 
voltage is equal to the designated voltage, based on the determined control gain, the 

15 detected difference and the detected output voltage. 

Preferably, the direct current voltage is converted into an output voltage by a 
chopper circuit. In the program recorded on a computer-readable recording medium, 
the fourth step includes a first substep of calculating a feedback voltage control value 
that causes the follow-up property in feedback control to match the reference property 

20 based on the control gain, difference, and output voltage, a second substep of 

calculating a switching duty ratio of the chopper circuit using the feedback voltage 
control value, and a third substep of controlling the chopper circuit such that the output 
voltage is equal to the designated voltage based on the switching duty ratio. 

Preferably in the program recorded on a computer-readable recording medium, 

25 the first substep includes the step of calculating a feedback preliminary voltage control 
value in feedback control based on the control gain and difference, and the step of 
calculating a feedback voltage control value by correcting the feedback preliminary 
voltage control value using the output voltage. 
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Preferably in the program recorded on a computer-readable recording medium, 
the step of calculating a feedback voltage control value includes the step of calculating a 
conversion ratio required for conversion of the output voltage into a reference voltage 
where the follow-up property is equal to the reference property, and the step of 
5 multiplying the feedback preliminary voltage control value by the conversion ratio to 
calculate a feedback voltage control value. 

Preferably in the program recorded on a computer-readable recording medium,, 
the first sub step includes the step of calculating a correction difference where the 
follow-up property is equal to the reference property by correcting the difference using 
10 the output voltage, and the step of calculating the feedback voltage control value based 
on the control gain and the correction difference. 

Preferably in the program recorded on a computer-readable recording medium, 
the step of calculating a correction difference includes the step of calculating a 
conversion ratio for conversion of the output voltage into a reference voltage where the 
15 follow-up property is equal to the reference property, and the step of multiplying the 
difference by the conversion ratio to calculate a correction difference. 

Preferably, the direct current voltage is converted into the output voltage by a 
chopper circuit. In the program recorded on a computer-readable recording medium, 
the fourth step includes a first substep of calculating a feedback preliminary voltage 
20 control value in feedback control based on the control gain and difference, a second 

substep of calculating a preliminary switching duty ratio of the chopper circuit based on 
the feedback preliminary voltage control value, a third substep of calculating a switching 
duty ratio where the follow-up property is equal to the reference property by correcting 
the preliminary switching duty ratio using the output voltage, and a fourth substep of 
25 controlling the chopper circuit such that the output voltage is equal to the designated 
voltage based on the switching duty ratio. 

Preferably in the program recorded on a computer-readable recording medium,, 
the third substep includes the step of calculating the conversion ratio required for 



- 10- 



conversion of the output voltage into a reference voltage where the follow-up property 
is equal to the reference property, and the step of multiplying the preliminary switching 
duty ratio by the conversion ratio to calculate a switching duty ratio. 

In accordance with the present invention, the direct current voltage from a DC 
power supply can be converted into the output voltage with the follow-up property of 
the output voltage to the designated voltage in feedback control kept constant. 

Brief Description of the Drawings 

Fig. 1 is a schematic block diagram of a motor driver including a voltage 
conversion apparatus according to a first embodiment. 

Fig. 2 is a functional block diagram of a control device in Fig. 1. 

Fig. 3 is a functional block diagram to describe the function of a motor torque 
control means in Fig. 2. 

Fig. 4 is a functional block diagram to describe the function of a feedback 
voltage control value calculation unit and a duty ratio converter in Fig. 3 . 

Fig. 5 is a diagram representing the relationship between feedback voltage 
control and the output voltage of a voltage-up converter. 

Fig. 6 is a diagram to describe the duty ratio generated by a duty ratio 
calculation unit in Fig. 4. 

Fig. 7 is a timing chart of a signal generated by a duty ratio converter in Fig. 3. 

Fig. 8 is a timing chart of a control pattern. 

Fig. 9 is a flow chart to describe an operation of voltage conversion control in 
the first embodiment. 

Fig. 10 is a schematic block diagram of a motor driver including a voltage 
conversion apparatus according to a second embodiment. 

Fig. 1 1 is a functional block diagram of a control device in Fig. 9. 

Fig. 12 is a functional block diagram to describe the function of a motor torque 
control means in Fig. 10. 



Fig. 13 is a functional block diagram to describe the function of a feedback 
voltage control value calculation unit and duty ratio converter in Fig. 11. 

Fig. 14 is a flow chart to describe an operation of voltage conversion control in 
the second embodiment. 

Fig. 15 is a schematic block diagram of a motor driver including a voltage 
conversion apparatus according to a third embodiment. 

Fig. 16 is a functional block diagram of a control device in Fig. 14. 

Fig. 17 is a functional block diagram to describe a function of a motor torque 
control means in Fig. 15. 

Fig. 18 is a functional block diagram to describe a function of a feedback voltage 
control value calculation unit and duty ratio converter in Fig. 16. 

Fig. 19 is a flow chart to describe an operation of voltage conversion control 
according to a third embodiment. 

Fig. 20 is a schematic block diagram of a motor driver including a voltage 
conversion apparatus according to a fourth embodiment. 

Fig. 21 is a functional block diagram of a control device in Fig. 19. 

Fig. 22 is a functional block diagram to describe the function of a motor torque 
control means in Fig. 20. 

Fig. 23 is a schematic block diagram of a conventional motor driver. 

Best Modes for Carrying Out the Invention 

Embodiments of the present invention will be described in detail hereinafter with 
reference to the drawings. In the drawings, the same or corresponding components 
have the same reference characters allotted, and the description thereof will not be 
repeated. 

[First Embodiment] 

Referring to Fig. 1, a motor driver 100 including a voltage conversion apparatus 
according to a first embodiment of the present invention includes a DC power supply B, 
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voltage sensors 10 and 13, system relays SRI and SR2, capacitors CI and C2, a 
voltage-up converter 12, an inverter 14, a current sensor 24, and a control device 30. 

An alternating current motor Ml is a drive motor to generate torque to drive the 
driving wheel of a hybrid vehicle or electric vehicle. Alternatively, the motor may be 
incorporated in a hybrid vehicle with the capability of a generator driven by an engine, 
and operating as a motor for the engine to allow, for example, engine starting. 

Voltage-up converter 12 includes a reactor LI, NPN transistors Ql and Q2, and 
diodes Dl and D2. Reactor LI has one end connected to a power supply line of DC 
power supply B, and its other end connected at an intermediate point of NPN transistor 
Ql and NPN transistor Q2, i.e., between the emitter of NPN transistor Ql and the 
collector of NPN transistor Q2. NPN transistors Ql and Q2 are connected in series 
between a power supply line and a ground line. NPN transistor Ql has its collector 
connected to the power supply line, whereas NPN transistor Q2 has its emitter 
connected to the ground line. Diodes Dl and D2 flowing current from the emitter side 
to the collector side are connected between the collectors and emitters of NPN 
transistors Ql and Q2, respectively. 

Inverter 14 includes a U-phase arm 15, a V-phase arm 16, and a W-phase arm 17. 
U-phase arm 15, V-phase arm 16, and W-phase arm 17 are connected in parallel 
between the power supply line and the ground line. 

U-phase arm 15 is constituted of NPN transistors Q3 and Q4 connected in series. 
V-phase arm 16 is constituted of NPN transistors Q5 and Q6 connected in series. W- 
phase arm 17 is constituted of NPN transistors Q7 and Q8 connected in series. Diodes 
D3-D8 are connected between respective collectors and emitters of NPN transistors Q3- 
Q8, respectively, to allow a current flow from the emitter side to the collector side. 

Each of the phase arms has an intermediate point connected to respective ends of 
phase coils of alternating current motor Ml . Specifically, alternating current motor 
Ml is a three-phase permanent magnet motor with respective one ends of the three coils 
of the U, V, and W-phase connected in common at the center. The other end of the U- 
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phase coil is connected to the intermediate point between NPN transistors Q3 and Q4. 
The other end of the V-phase coil is connected to the intermediate point between NPN 
transistors Q5 and Q6. The other end of the W-phase coil is connected to the 
intermediate point between NPN transistors Q7 and Q8. 

DC power supply B is formed of a nickel-hydrogen or lithium-ion secondary 
battery. Voltage sensor 10 detects a direct current voltage Vb from DC power supply 
B to output the detected voltage Vb to control device 30. System relays SRI and SR2 
are turned on by a signal SE from control device 30. Capacitor CI smoothes a DC 
voltage supplied from DC power supply B to provide the smoothed DC voltage to 
voltage-up converter 12. 

Voltage-up converter 12. boosts the DC voltage from capacitor CI to supply the 
boosted voltage to capacitor C2. More specifically, voltage-up converter 12 receives a 
signal PWU from control device 30 to boost and supply to capacitor C2 the DC voltage 
in response to a period in which NPN transistor Q2 is turned on by signal PWU. 

Further, voltage-up converter 12 receives a signal PWD from control device 30 
to down-convert a DC voltage supplied from inverter 14 via capacitor C2, whereby DC 
power supply B is charged. It is to be noted that a circuit configuration in which only 
the boosting function is effected may be applied. 

Capacitor C2 smoothes the DC voltage from voltage-up converter 12 to supply 
the smoothed DC voltage to inverter 14. Voltage sensor 13 detects the voltage across 
capacitor C2, i.e., output voltage Vm from voltage-up converter 12 (corresponding to 
the input voltage to inverter 14; the same applies hereinafter) and provides the detected 
output voltage Vm to control device 30. 

Inverter 14 receives the DC voltage from capacitor C2 to convert the DC 
voltage into an AC voltage based on a signal PWMI from control device 30, whereby 
alternating current motor Ml is driven. Then, alternating current motor Ml is driven 
to generate torque designated by a torque control value TR. In regenerative braking of 
a hybrid or electric vehicle including motor driver 100, inverter 14 converts an AC 
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voltage generated by alternating current motor Ml into a DC voltage according to a 
signal PWMC from control device 30 and supplies the converted DC voltage to voltage- 
up converter 12 via capacitor C2. As used herein, "regenerative braking" includes 
braking which is caused when a driver of a hybrid or electric vehicle depresses the foot 
brake and which is accompanied by regenerative power generation as well as 
deceleration (or stopping of acceleration) of the vehicle by releasing the acceleration 
pedal in driving without operating the foot brake, which is also accompanied by 
regenerative power generation. 

Current sensor 24 detects a motor current MCRT flowing to alternating current 
motor Ml to output the detected motor current MCRT to control device 30. 

Control device 30 generates a signal PWU required to drive voltage-up 
converter 12 and a signal PWMI required to drive inverter 14 by a method that will be 
described afterwards, and provides the generated signals PWU and PWMI to voltage-up 
converter 12 and inverter 14, respectively, based on a torque control value TR and a 
motor rotation number MRN applied from an external ECU (Electrical Control Unit), a 
direct current voltage Vb from voltage sensor 10, an output voltage Vm from voltage 
sensor 13, and a motor current MCRT from current sensor 24. 

Signal PWU is a signal to drive voltage-up converter 12 when voltage-up 
converter 12 converts the direct current voltage from capacitor CI into output voltage 
Vm. Control device 30 effects feedback control of output voltage Vm when voltage- 
up converter 12 is to convert direct current voltage Vb into output voltage Vm, and 
generates signal PWU required to drive voltage-up converter 12 such that output 
voltage Vm is equal to a designated voltage control value Vdccom. The method of 
generating signal PWU will be described afterwards. 

Control device 30 responds to a signal indicating that the hybrid vehicle or 
electric vehicle attains a regenerative braking mode from the external ECU to generate 
and provide to inverter 14 a signal PWMC required to convert the alternating voltage 
generated by alternating current motor Ml into a direct current voltage. At this stage, 
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NPN transistors Q4, Q6 and Q8 of inverter 14 are switched under control of signal 
PWMC. Specifically, NPN transistors Q6 and Q8 are turned on, NPN transistors Q4 
and Q8 are turned on, and NPN transistors Q4 and Q6 are turned on when electric 
power is generated by the U-phase, the V-phase, and the W-phase, respectively, of 
5 alternating current motor Ml. Accordingly, inverter 14 converts the alternating 
voltage generated by alternating current motor Ml into a direct current voltage and 
supplies the same to voltage-up converter 12. 

Further, control device 30 also responds to a signal indicating that the hybrid 
vehicle or electric vehicle has entered a regenerative braking mode from the external 

10 ECU to generate signal PWD required to down-convert the direct current voltage 
supplied from inverter 14, and provides the generated signal PWD to voltage-up 
converter 12. Accordingly, the alternating voltage generated by alternating current 
motor Ml is converted into a direct current voltage, and then down-converted to be 
supplied to DC power supply B. 

15 Control device 30 also generates signal SE required to turn on system relays 

SRI and SR2, and provides the generated signal SE to system relays SRI and SR2. 

Fig. 2 is a functional block diagram of control device 30. Referring to Fig. 2, 
control device 30 includes a motor torque control means 301, and a voltage conversion 
control means 302. Motor torque control means 301 generates, during driving of 

20 alternating current motor Ml, signal PWU required to turn on/off NPN transistors Ql 
and Q2 of voltage-up converter 12 by a method as will be described afterwards, and 
signal PMWI required to turn on/off NPN transistors Q3-Q8 of inverter 14, and 
provides the generated signals PWU and PWMI to voltage-up converter 12 and inverter 
14, respectively, based on a torque control value TR (the degree of depressing the 

25 acceleration peddle of a vehicle; torque control value to be applied to the motor is 

calculated taking into account the operational status of the engine in a hybrid vehicle), 
direct current voltage Vb from DC power supply B, motor current MCRT, motor 
rotation number MRN, and output voltage Vm of voltage-up converter 12. 
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When in a regenerative braking mode, voltage conversion control means 302 
receives a signal RGE indicating that the hybrid vehicle or electric vehicle has entered a 
regenerative braking mode from the external ECU to generate and provide to inverter 
14 a signal PWMC required to convert the alternating voltage generated by alternating 
5 current motor Ml into a direct current voltage. 

Voltage conversion generation means 302 also generates and provides to 
voltage-up converter 12 a signal PWD required to down-convert the direct current 
voltage supplied from inverter 14 in response to reception of signal RGE from the 
external ECU in a regenerative braking mode. As such, voltage-up converter 12 has 
10 the capability of a bidirectional converter since the direct current voltage can be down- 
convert by a signal PWD directed thereto. 

Fig. 3 is a functional block diagram of motor torque control means 301 . 
Referring to Fig. 3, motor torque control means 301 includes a motor control phase 
voltage calculation unit 40, a PWM signal converter 42 for the inverter, an inverter input 
15 voltage control value calculation unit 50, a feedback voltage control value calculation 
unit 52, and a duty ratio converter 54. 

Motor control phase voltage calculation unit 40 receives output voltage Vm of 
voltage-up converter 12, i.e. the input voltage to inverter 14 from voltage sensor 13, 
motor current MCRT flowing through each phase of alternating current motor Ml from 
20 current sensor 24, and torque control value TR from the external ECU. Motor control 
phase voltage calculation unit 40 calculates the voltage to be applied to the coil of each 
phase of alternating current motor Ml based on these input signals to supply the 
calculated result to PWM signal converter 42. 

PWM signal converter 42 actually generates signal PWMI that turns on/off each 
25 of NPN transistors Q3-Q8 of inverter 14 in accordance with the calculated result from 
motor control phase voltage calculation unit 40 to provide the generated signal PWMI 
to each of NPN transistors Q3-Q8 of inverter 14. 

Accordingly, each of NPN transistors Q3-Q8 has its switching controlled, 
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whereby the current to be conducted to each phase of alternating current motor Ml is 
adjusted such that alternating current motor Ml outputs the designated torque. Thus, 
motor driving current is controlled so that a motor torque corresponding to torque 
control value TR is output. 
5 Inverter input voltage control value calculation unit 50 calculates the optimum 

value (target value) of the inverter input voltage based on torque control value TR and 
motor rotation number MRN, i.e. calculates voltage control value Vdccom and provides 
the calculated voltage control value Vdccom to feedback voltage control value 
calculation unit 52. 

10 Feedback voltage control value calculation unit 52 calculates a feedback voltage 

control value Vdccom_fb by a method that will be described afterwards based on output 
voltage Vm of voltage-up converter 12 from voltage sensor 13 and voltage control 
value Vdccom from inverter input voltage control value calculation unit 50 to provide 
the calculated feedback voltage control value Vdccom fb to duty ratio converter 54. 

15 Feedback voltage control value calculation unit 52 calculates a compensation ratio 

Rcom based on voltage control value Vdccom and a battery voltage Vb from voltage 
sensor 10 to provide the calculated compensation ratio Rcom to duty ratio converter 54. 

Compensation ratio Rcom is used to incorporate direct current voltage Vb 
output from DC power supply into the feedback control of output voltage Vm. 

20 Specifically, the duty ratio for turning on/off NPN transistors Ql and Q2 of voltage-up 
converter 12 is determined in view of direct current voltage Vb since voltage-up 
converter 12 is directed to converting direct current voltage Vb into voltage control 
value Vdccom. 

Duty ratio converter 54 calculates a duty ratio for setting output voltage Vm 
25 from voltage sensor 13 to feedback voltage control value Vdccom_fb from feedback 
voltage control value calculation unit 52 based on battery voltage Vb from voltage 
sensor 10, feedback voltage control value Vdccom fb from feedback voltage control 
value calculation unit 52, and compensation ratio Rcom, and generates signal PWU 



- 18- 



required to turn on/off NPN transistors Ql and Q2 of voltage-up converter 12 based on 
the calculated duty ratio. Duty ratio converter 54 provides the generated signal PWU 
to NPN transistors Ql and Q2 of voltage-up converter 12. 

Since a greater amount of electric power is accumulated by reactor LI by 
5 increasing the on-duty of NPN transistor Q2 located at the lower side of voltage-up 

converter 12, a higher voltage output can be obtained. In contrast, the voltage of the 
power supply line is reduced by increasing the on-duty of NPN transistor Ql located at 
the upper side. Therefore, by controlling the duty ratio of NPN transistors Ql and Q2, 
the voltage of the power supply line can be adjusted to an arbitrary level equal to or 

10 greater than the output voltage of DC power supply B. 

Referring to Fig. 4, feedback voltage control value calculation unit 52 includes a 
subtracter 521, a gain determination unit 522, a PI controller 523, a corrector 524, and a 
forward compensator 525. Subtracter 521 receives voltage control value Vdccom 
from inverter input voltage control value calculation unit 50 and output voltage Vm 

15 from voltage sensor 13 to subtract voltage control value Vdccom from output voltage 
Vm. Subtracter 521 provides the subtracted result to gain determination unit 522 and 
PI controller 523 as a difference AVdc. 

Gain determination unit 522 determines a PI control gain in accordance with 
difference AVdc from subtracter 521. In other words, gain determination unit 522 

20 determines a proportional gain PG and an integration gain IG in accordance with - 

difference AVdc. Gain determination unit 522 provides the determined PI control gain 
to PI controller 523. 

PI controller 523 calculates a feedback preliminary voltage control value 
Vdccom_fb_pr based on the PI control gain from gain determination unit 522 and 

25 difference AVdc from subtracter 521. Specifically, PI controller 523 calculates 

feedback preliminary voltage control value Vdccom_fb _pr by inserting proportional gain 
PG from gain determination unit 522 and integration gain IG received from gain 
determination unit 522, and difference AVdc received from subtracter 521 into the 
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following equation. 

Vdccom _fb_pr = PGx AVdc + IGx YVdc ... (1) 

Corrector 524 receives feedback preliminary voltage control value 
Vdccom_fb_pr from PI controller 523 and output voltage Vm from voltage sensor 13 to 
5 correct feedback preliminary voltage control value Vdccom_fb_pr based on the 
following equation to calculate feedback voltage control value Vdccom_fb. 

Vstd 

Vdccom _fb - Vdccom _fb _prx ... (2) 

Vm 

where Vstd represents the reference voltage. Reference voltage Vstd is the output 
voltage of voltage-up converter 12 where the follow-up property of output voltage Vm 

10 with respect to voltage control value Vdccom is equal to the reference property. 

By dividing reference voltage Vstd by output voltage Vm, corrector 524 
calculates the conversion ratio required to convert output voltage Vm into reference 
voltage Vstd where the follow-up property of output voltage Vm to voltage control 
value Vdccom is equal to the reference property. Then, corrector 524 multiplies the 

15 calculated conversion ratio by feedback preliminary voltage control value 

Vdccom_fg_pr to calculate feedback voltage control value Vdccom_fb where the 
follow-up property of output voltage Vm to voltage control value Vdccom is equal to 
the reference property. 

Forward compensator 525 receives voltage control value Vdccom from inverter 

20 input voltage control value calculation unit 50 and battery voltage Vb from voltage 
sensor 10 to calculate compensation ratio Rcom by the following equation. 
Vb 

Rcom = ...(3) 

Vdccom 

Then, forward compensator 525 furthermore calculates a compensation ratio 1 - 
Rcom using compensation ratio Rcom to provide compensation ratio Rcom and 
25 compensation ratio 1 - Rcom to duty ratio converter 54. 

Duty ratio converter 54 includes a duty ratio calculation unit 541, an adder 542, 
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and a PWM signal converter 543. Duty ratio calculation unit 541 calculates a duty 
ratio required to set output voltage Vm from voltage sensor 1 3 to feedback voltage 
control value Vdccom_fb based on battery voltage Vb from voltage sensor 10 and 
feedback voltage control value Vdccom_fb from corrector 524. 

Adder 542 receives the duty ratio from duty ratio calculation unit 541 and the 
compensation ratios Rcom and 1 - Rcom from forward compensator 525 to calculate 
two compensation duty ratios by adding respective compensation ratios Rcom and 1- 
Rcom to the duty ratio. Adder 524 provides the two compensation duty ratios to 
PWM signal converter 543. 

PWM signal converter 543 generates signal PWU required to turn on/off NPN 
transistors Ql and Q2 of voltage-up converter 12 based on the two compensation duty 
ratios from adder 542. Specifically, PWM signal converter 543 generates signal PWU 
that determines the on-duties Dl and D2 of NPN transistors Ql and Q2 of voltage-up 
converter 12 by the following equations (4) and (5), where the on-duty output from duty 
ratio calculation unit 541 is DO. 

D\ = D0 + Rcom ... (4) 

D2 = D0 + l-Rcom ... (5) 

PWM signal conversion unit 543 provides the generated signal PWU to NPN 
transistors Ql and Q2 of voltage-up converter 12. NPN transistors Ql and Q2 of 
voltage-up converter 12 are turned on/off in response to signal PWU. Accordingly, 
voltage-up converter 12 converts direct current voltage Vb into output voltage Vm such 
that output voltage Vm is equal to voltage control value Vdccom. In this case, the 
follow-up property of output voltage Vm with respect to voltage control value Vdccom 
matches the reference property. 

Thus, motor torque control means 301 of control device 30 receives torque 
control value TR from the external ECU to effect feedback control of voltage 
conversion in voltage-up converter 12 converting direct current voltage Vb into output 
voltage Vm such that output voltage Vm of voltage-up converter 12 is equal to voltage 



- 21 - 



control value Vdccom calculated based on torque control value TR, and controls 
inverter 14 such that alternating current motor Ml generates the torque of torque 
control value TR. Accordingly, alternating current motor Ml generates the torque 
designated by torque control value TR. 

As described above, corrector 524 corrects feedback preliminary voltage control 
value VdccornJb_pr output from PI controller 523 based on equation (2). The 
relationship of equation (2) corresponds to curve kl in Fig. 5. 

Referring to Fig. 5, when output voltage Vm of voltage-up converter 12 is equal 
to reference voltage Vstd, feedback voltage control value Vdccom_fb is equal to 
feedback voltage control value Vdccom JbO (=Vdccom_fb_pr). When output voltage 
Vm is higher than reference voltage Vstd, feedback voltage control value Vdccomjb is 
equal to feedback voltage control value Vdccomfbl . When output voltage Vm is 
lower than reference voltage Vstd, feedback voltage control value Vdccomfb is equal 
to feedback voltage control value Vdccom_fb2. 

Referring to Fig. 6, duty ratio calculation unit 541 calculates a duty ratio DRO 
where the on-duty is D00 (<1) based on feedback voltage control value Vdccom_fbO 
when output voltage Vm is equal to reference voltage Vstd. When output voltage Vm 
is higher than reference voltage Vstd, duty ratio calculation unit 541 calculates a duty 
ratio DR1 where the on-duty is D01 (<D00) based on feedback voltage control value 
Vdccom fbl. When output voltage Vm is lower than reference voltage Vstd, duty 
ratio calculation unit 541 calculates a duty ratio DR2 where the on-duty is D02 (D00 < 
D02 <1) based on feedback voltage control value Vdccom_fb2. 

When output voltage Vm is equal to reference voltage Vstd, adder 542 adds 
compensation ratio Rcom to duty ratio DRO to provide compensation duty ratio DROU 
to PWM signal converter 543, and adds compensation ratio 1 - Rcom to duty ratio DRO 
to provide compensation duty ratio DROL to PWM signal converter 543. 

When output voltage Vm is higher than reference voltage Vstd, adder 542 adds 
compensation ratio Rcom to duty ratio DR1 to provide compensation duty ratio DR1U 
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to PWM signal converter 543, and adds compensation ratio 1 - Rcom to duty ratio DR1 
to provide compensation duty ratio DR1L to PWM signal converter 543. 

When output voltage Vm is lower than reference voltage Vstd, adder 542 adds 
compensation ratio Rcom to duty ratio DR2 to provide compensation ratio duty ratio 
5 DR2U to PWM signal converter 543, and adds compensation ratio 1 - Rcom to duty 
ratio DRO to provide compensation ratio duty ration DR2L to PWM signal converter 
543. 

Referring to Fig. 7, when output voltage Vm is equal to reference voltage Vstd, 
PWM signal converter 543 generates signals PWUOU and PWUOL based on duty ratios 
10 DROU and DROL to provide a signal PWUO constituted of signals PWUOU and PWUOL 
to voltage-up converter 12. When output voltage Vm is higher than reference voltage 
Vstd, PWM signal converter 543 generates signals PWU1U and PWU1L based on duty 
ratios DR1U and DR1L to output a signal PWU1 constituted of signals PWU1U and 
PWU1L to voltage-up converter 12. When output voltage Vm is lower than reference 
15 voltage Vstd, PWM signal converter 543 generates signals PWU2U and PWU2L based 
on duty ratios DR2U and DR2L to provide a signal PWU2 constituted of signals 
PWU2U and PWU2L to voltage-up converter 12. 

Signals PWUOU, PWU1U and PWU2U are signals for turning on/ofFNPN 
transistor Ql of voltage-up converter 12, whereas PWUOL, PWU1L and PWU2L are 
20 signals for turning on/ofFNPN transistor Q2 of voltage-up converter 12. 

Fig. 8 represents the follow-up property of output voltage Vm with respect to 
feedback voltage control value Vdccom_fb0 in feedback control when NPN transistors 
Ql and Q2 of voltage-up converter 12 are turned on/off using signals PWUO, PWU1 
and PWU2 shown in Fig. 7. 
25 Referring to Fig. 8, output voltage Vm follows feedback voltage control value 

Vdccom_fb0 as in pattern 1 when output voltage Vm matches reference voltage Vstd. 
Specifically, output voltage Vm starts from a point A at timing tO to cross feedback 
voltage control value Vdccom_fb0 at timing tl, and then follows feedback voltage 
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control value Vdccom_fbO in accordance with a curve k2. The follow up property 
represented by curve k2 is referred to as the "reference property". 

When output voltage Vm is higher than reference voltage Vstd, output voltage 
Vm follows feedback voltage control value Vdccom_fbO as in pattern 2. Specifically, 
output voltage Vm starts from a point B indicating a voltage that is higher than 
reference voltage Vstd, rises more gentle than in pattern 1 since the on-duty of NPN 
transistor Q2 (D01 + 1 - Rcom) is smaller than that of pattern 1 (D00 + 1 - Rcom), and 
crosses feedback voltage control value Vdccom_fbO at timing 1 1 . Then, output voltage 
Vm follows feedback voltage control value VdccomJbO in accordance with curve k2 as 
in pattern 1 . 

In this context, output voltage Vm follows feedback voltage control value 
Vdccom_fbO in accordance with curve k3 when correction of feedback preliminary 
voltage control value Vdccom_fb_pr is not conducted by corrector 524. Specifically, 
output voltage Vm rises at the same speed as in pattern 1 , and then crosses feedback 
voltage control value Vdccom_fbO at a timing t2 earlier than timing tl to follow 
feedback voltage control value Vdccom_fbO thereafter. \ / 



By correcting difference AVdc by a conversion ratio Vstd < 1, thd follow up 
property (represented by curve k3) deviating from the reference property (represented 
by curve k2) will match the reference property. 

When output voltage Vm is lower than reference voltage Vstd, output voltage 
Vm follows feedback voltage control value VdccomfbO as in pattern 3. Specifically, 
output voltage Vm starts from a point C indicating a voltage that is of lower level than 
reference voltage Vstd, rises faster than in pattern 1 since the on-duty (D02 + 1 - 
Rcom) of NPN transistor Q2 is larger than that of pattern 1 (D00 + 1 - Rcom), and 
crosses feedback voltage control value VdccomJbO at timing tl . Then, output voltage 
Vm follows feedback voltage control value Vdccom_fbO in accordance with curve k2 as 
in pattern 1 . 

In this context, output voltage Vm follows feedback voltage control value 
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Vdccom_fbO in accordance with curve k4 when correction of feedback preliminary 
voltage control value Vdccom_fb_pr is not conducted by corrector 524. Specifically, 
output voltage Vm rises at a speed identical to that of pattern 1, crosses feedback 
voltage control value Vdccom_fbO at timing t3 later than timing tl, and then follows 
5 feedback voltage control value Vdccom_fbO thereafter. 

Thus, by correcting difference A Vdc with a conversion ratio Vstd > 1 , the 
follow-up property (represented by curve k4) deviated from the reference property 
(represented by curve k2) will match the reference property. 

Since feedback voltage control Vdccom_fbO (=Vdccom_fb_pr) is a designated 
10 voltage calculated for feedback control such that output voltage Vm is equal to output 
control value Vdccom, the follow-up of output voltage Vm to feedback voltage control 
value Vdccom_fb0 is equal to the follow-up of output voltage Vm to voltage control 
value Vdccom. 

Therefore, when output voltage Vm is not equal to reference voltage Vstd, 
15 control is effected such that feedback preliminary voltage control value Vdccom_fb_pr 
is corrected and the follow-up property of output voltage Vm with respect to output 
control value Vdccom is equal to the reference property. 

Thus, by correcting feedback preliminary voltage control value Vdccom_fb_pr 
based on output voltage Vm, the follow-up property of output voltage Vm with respect 
20 to voltage control value Vdccom can be kept constant even if output voltage Vm varies. 

An operation of control in the voltage conversion of the direct current voltage 
into output voltage Vm at voltage-up converter 12 will be described with reference to 
Fig. 9. Upon initiation of the operation, voltage sensor 10 detects direct current 
voltage Vb from DC power supply B to provide the detected direct current voltage Vb 
25 to control device 30. Voltage sensor 13 detects output voltage Vm of voltage-up 

converter 12 to provide the detected output voltage Vm to control device 30 (step SI). 

At control device 30, subtracter 521 calculates a difference A Vdc between 
output voltage Vm and voltage control value Vdccom to provide a calculated difference 
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AVdc to gain determination unit 522 and PI controller 523 (step S2). Then, gain 
determination unit 522 determines the control gain constituted of proportional gain PG 
and integration gain IG in accordance with difference AVdc (step S3). 

PI controller 523 receives the control gain from gain determination unit 522 and 
5 difference AVdc from subtracter 521 to insert proportional gain PG, integration gain IG 
and difference AVdc into equation (1) to calculate feedback preliminary voltage control 
value Vdccom_fb_pr (step S4). 

Corrector 524 receives feedback preliminary voltage control value 
Vdccom_fb_pr from PI controller 523 and output voltage Vm from voltage sensor 13 to 

10 correct feedback preliminary voltage control value Vdccom_fb_pr in accordance with 
output voltage Vm based on equation (2) to calculate feedback voltage control value 
Vdccom fb where the follow-up property of output voltage Vm to voltage control value 
Vdccom is equal to the reference property. Then, corrector 524 provides the 
calculated feedback voltage control value Vdccom_fb to duty ratio calculation unit 541 

15 (step S5). 

Duty ratio calculation unit 541 calculates the duty ratio (any of DRO, DR1 and 
DR2) by the method set forth above based on feedback voltage control value 
Vdccom_fb, and provides the calculated duty ratio to adder 542 (S6). 

Forward compensator 525 receives direct current voltage Vb from voltage 
20 sensor 10 and voltage control value Vdccom from inverter input voltage control value 
calculation unit 50 to calculate and provide to adder 542 compensation ratios Rcom and 
1 - Rcom based on equation (3). 

Adder 542 adds compensation ratios Rcom and 1 - Rcom from forward 
compensator 525 to the duty ratio from duty ratio calculation unit 541, and provides the 
25 compensation duty ratios to PWM signal converter 543. PWM signal converter 543 
generates signal PWU based on the compensation duty ratios from adder 542 (step S7), 
and provides the generated signal PWU to voltage-up converter 12. 

NPN transistors Ql and Q2 of voltage-up converter 12 are turned on/off in 
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accordance with signal PWU. Voltage-up converter 12 is controlled such that output 
voltage Vm is equal to voltage control value Vdccom (step S8). Then, the series of 
operations ends (step S9). 

An operation of motor driver 100 will be described with reference to Fig. 1 again. 
Control device 30 responds to a torque control value TR input from the external ECU 
to generate signal SE required to turn on system relays SRI and SR2, and provides the 
generated signal SE to system relays SRI and SR2. Control device 30 also generates 
and provides to voltage-up converter 12 and inverter 14 signals PWU and PWMI, 
respectively, required to control voltage-up converter 12 and inverter 14 such that 
alternating current motor Ml generates torque control value TR. 

DC power supply B outputs direct current voltage Vb, and system relays SRI 
and SR2 supply direct current voltage Vb to capacitor CI . Capacitor CI smoothes the 
supplied direct current voltage Vb to provide the smoothed direct current voltage Vb to 
voltage-up converter 12. 

Accordingly, NPN transistors Ql and Q2 of voltage-up converter 12 are turned 
on/off in accordance with signal PWU from control device 30, and direct current voltage 
Vb is converted into a voltage Vm to be supplied to capacitor C2. Voltage sensor 13 
detects output voltage Vm that is the voltage across capacitor C2 to provide the 
detected output voltage Vm to control device 30. 

As described above, control device 30 calculates difference AVdc between 
voltage control value Vdccom and output voltage Vm to determine the PI control gain 
in accordance with the calculated difference AVdc. Control device 30 corrects the 
feedback preliminary voltage control value calculated using the determined PI control 
gain in accordance with output voltage Vm, and generates and provides to voltage-up 
converter 12 signal PWU where the follow-up property of output voltage Vm with 
respect to voltage control value Vdccom is equal to the reference property. 
Accordingly, voltage-up converter 12 converts the direct current voltage into output 
voltage Vm such that output voltage Vm is equal to voltage control value Vdccom 
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while achieving consistency between the follow-up property of output voltage Vm to 
voltage control value Vdccom and the reference property. 

Capacitor C2 smoothes and supplies to inverter 14 the direct current voltage 
from voltage-up converter 12. NPN transistors Q3-Q8 of inverter 14 are turned on/off 
5 in accordance with signal PWMI from control device 30. Inverter 14 converts the 
direct current voltage into the alternating voltage, and provides a predetermined 
alternating current to each of the U-phase, V-phase and W-phase of alternating current 
motor Ml such that alternating current motor Ml generates the torque designated by 
torque control value TR. Thus, alternating current motor Ml generates torque 
10 designated by torque control value TR. 

When the hybrid vehicle or electric vehicle in which motor driver 100 is 
incorporated attains the regenerative braking mode, control device 30 receives a signal 
indicating entry of the regenerative braking mode from the external ECU to generate 
and provide to inverter 14 and voltage-up converter 12 signals PWMC and PWD, 
15 respectively. 

Alternating current motor Ml generates the alternating voltage and supplies the 
generated alternating current to inverter 14. Inverter 14 converts the alternating 
voltage into the direct current voltage in accordance with signal PWMC from control 
device 30, and supplies the converted direct current voltage to voltage-up converter 12 
20 via capacitor C2. 

Voltage-up converter 12 down-converts the direct current voltage in accordance 
with signal PWD from control device 30 to supply the down-converted voltage to DC 
power supply B, whereby DC power supply B is charged. 

Thus, in motor driver 100, direct current voltage Vb from DC power supply B is 
25 converted into output voltage Vm such that the follow-up property of output voltage 

Vm of voltage-up converter 12 with respect to voltage control value Vdccom is equal to 
the reference property, the converted output voltage Vm is supplied to inverter 14 by a 
capacitor C2, and alternating current motor Ml is driven such that torque specified by 
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torque control value TR is generated. In the regenerative braking mode, motor driver 

100 is driven such that DC power supply B is charged by the power generated by 

alternating current motor Ml. 

In the present invention, voltage-up converter 12 and also feedback voltage 
5 control value calculation unit 52 and duty ratio converter 54 of control device 30 

constitute the "voltage conversion apparatus". 

In the present invention, feedback voltage control value calculation unit 52 and 

duty ratio converter 54 constitute the "control means" for controlling voltage-up 

converter 12 identified as a voltage converter. 
10 PI controller 523 constitutes the "computing element" that calculates feedback 

preliminary voltage control value Vdccom_fb_pr. 

The voltage conversion method of the present invention corresponds to the 

voltage conversion method of converting the direct current voltage into output voltage 

Vm under feedback control in accordance with the flow chart of Fig. 9. 
15 The feedback control in feedback voltage control value calculation unit 52 and 

duty ratio converter 54 is carried out actually by a CPU (Central Processing Unit). 

The CPU reads out a program including the respective steps in the flow chart of Fig. 9 

from a ROM (Read Only Memory), and executes that program to control voltage 

conversion of the direct current voltage into output voltage Vm in accordance with the 
20 flow chart of Fig. 9. Therefore, the ROM corresponds to a computer (CPU) readable 

recording medium on which the program including respective steps in the flow chart of 

Fig. 9 is recorded. 

In accordance with the first embodiment, the voltage conversion apparatus 
includes control means for correcting the feedback preliminary voltage control value 
25 calculated based on the difference between an output voltage and a designated voltage 
to a feedback voltage control value where the follow-up property of the output voltage 
to the voltage control value is equal to the reference property, under feedback control 
such that the output voltage that is a converted version of the direct current voltage 
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from a DC power supply is equal to a voltage control value. Therefore, the direct 
current voltage can be converted into an output voltage while keeping the follow-up 
property of the output voltage with respect to a voltage control value constant. 
[Second Embodiment] 

Referring to Fig. 10, a motor driver 100 A including a voltage conversion 
apparatus according to a second embodiment of the present invention differs from motor 
driver 100 only in that a control device 30 A is provided instead of control device 30 of 
motor driver 100. 

Referring to Fig. 11, control device 30A differs from control device 30 only in 
that a motor torque control means 301 A is provided instead of motor torque control 
means 301 of control device 30. 

Motor torque control means 301 A generates and provides to inverter 14 a signal 
PWMI through a method identical to that of motor torque control means 301, and 
generates and provides to voltage-up converter 12 a signal PWU for controlling NPN 
transistors Ql and Q2 of voltage-up converter 12 through a method that will be 
described afterwards. 

Referring to Fig. 12, motor torque control means 301 A differs from motor 
torque control means 301 only in that a feedback voltage control value calculation unit 
52A is provided instead of feedback voltage control value calculation unit 52 of motor 
torque control means 301. 

Feedback voltage control value calculation unit 52A corrects difference AVdc 
between output voltage Vm and voltage control value Vdccom to calculate feedback 
voltage control value Vdccom_fbv2 such that the follow-up property of output voltage 
Vm to voltage control value Vdccom is equal to the reference property, based on 
voltage control value Vdccom from inverter input voltage control value calculation unit 
50 and output voltage Vm from output sensor 13. 

Referring to Fig. 13, feedback voltage control value calculation unit 52A differs 
from feedback voltage control value calculation unit 52 only in that a corrector 5 24 A is 
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provided instead of corrector 524 of feedback voltage control value calculation unit 52, 
and a PI controller 523 A is provided instead of PI controller 523. 

In feedback voltage control value calculation unit 52 A, subtracter 521 provides 
the calculated difference' AVdc to gain determination unit 522, PI controller 523 A and 
5 corrector 524A. Corrector 524A receives difference AVdc from subtracter 521 and 
output voltage Vm from voltage sensor 13 to correct difference AVdc in accordance 
with output voltage Vm through the following equation. 

Vstd 

AVdcc = A Vdc x ( e) 

Vm K } 

Then, corrector 524A provides the corrected correction difference AVdcc to PI 
10 controller 523 A. 

Corrector 524A divides reference voltage Vstd by output voltage Vm to 
calculate a conversion ratio required to convert output voltage Vm into reference 
voltage Vstd where the follow-up property of output voltage Vm with respect to 
voltage control value Vdccom is equal to the reference property. Corrector 524A 
15 multiplies the calculated conversion ratio by difference AVdc to calculate correction 
difference AVdcc required to obtain feedback voltage control value Vdccom_fbv2 
where the follow-up property of output voltage Vm with respect to voltage control 
value Vdccom is equal to the reference property. 

PI controller 523A receives the control gain from gain determination unit 522 
20 (proportional gain PG and integration gain IG), and correction difference AVdcc from 
corrector 524A to calculate feedback voltage control value Vdccom_fbv2 by inserting 
proportional gain PG, integration gain IG and correction difference AVdcc into the 
following equation. 

Vdccom _fbvl = PGx AVdcc + IGx ZAVdcc ... (7) 

25 PI controller 523 A provides the calculated feedback voltage control value 

Vdccom_fbv2 to duty ratio calculation unit 541. Inserting equation (1) into equation 
(2) yields: 
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Vdccom _fb = PGx AVdc x 



Vstd 



+ IGxZAVdcx 



Vstd 



..(8) 



Vm 



Vm 




...(9) 



10 



15 



20 



Accordingly, feedback voltage control value Vdccom_fbv2 output from 
feedback voltage control value calculation unit 52A matches feedback voltage control 
value Vdccom_fb output from feedback voltage control value calculation unit 52 in the 
first embodiment. 

In the first embodiment, feedback voltage control value calculation unit 52 
calculates feedback preliminary voltage control value Vdccom_fb_pr using difference 
AVdc and the control gain (proportional gain PG and integration gain IG) determined 
according to difference AVdc, and corrects the calculated feedback preliminary voltage 
control value Vdccom_fb_pr using the conversion ratio Vstd/Vm to calculate feedback 
voltage control value Vdccomfb. 

In the second embodiment, feedback voltage control value calculation unit 52A 
corrects difference AVdc using conversion ratio Vstd/Vm. Specifically, when output 
voltage Vm is equal to reference voltage Vstd, corrector 524A multiplies difference 
AVdc from subtractor 521 by the conversion ratio Vstd/Vm = 1 to output a correction 
difference AVdcc constituted of difference AVdc. When output voltage Vm is greater 
than reference voltage Vstd, corrector 524A multiplies difference AVdc by conversion 
ratio Vstd/Vm < 1 to output a correction difference AVdcc constituted of AVdc * 
(Vstd/Vm). When output voltage Vm is lower than reference voltage Vstd, corrector 
5 24 A multiplies difference AVdc by conversion ratio Vstd/Vm > 1 to output correction 
difference AVdcc constituted of AVdc * (Vstd/Vm). 

When output voltage Vm is equal to reference voltage Vstd, feedback voltage 
control value Vdccom_fbv2 = Vdccom_fb0 is established, whereby the follow-up 
property of output voltage Vm to voltage control value Vdccom corresponds to pattern 
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1 of Fig. 8. When output voltage Vm is higher than reference voltage Vstd, feedback 
voltage control value Vdccom_fbv2 = Vdccom_fbl is established, whereby the follow- 
up property of output voltage Vm with respect to voltage control value Vdccom 
corresponds to pattern 2 shown in Fig. 8. In other words, by correcting difference 
5 AVdc with conversion ratio Vstd < 1, the follow-up property (represented by curve k3) 
deviating from the reference property (represented by curve k2) matches the reference 
property. When output voltage Vm is lower than reference voltage Vstd, feedback 
voltage control value Vdccom_fbv2 = Vdccom_fb2 is established, whereby the follow- 
up property of output voltage Vm with respect to voltage control value Vdccom 

10 corresponds to pattern 3 of Fig. 8. In other words, by correcting difference AVdc with 
conversion ratio Vstd > 1, the follow-up property (represented by curve k4) deviating 
from the reference property (represented by curve k2) matches the reference property. 

Thus, when output voltage Vm deviates from reference voltage Vstd, corrector 
524A corrects difference AVdc in accordance with output voltage Vm such that the 

15 follow-up property of output voltage Vm with respect to voltage control value Vdccom 
is equal to the reference property. 

Correction difference AVdcc is used to set the follow-up property of output 
voltage Vm with respect to voltage control value Vdccom equal to the reference 
property. 

20 Feedback voltage control value calculation units 52 and 52A are common in the 

feature of calculating feedback voltage control values Vdccom_fb and Vdccom_fbv2 
where the follow-up property of output voltage Vm to voltage control value Vdccom is 
equal to the reference property. 

The second embodiment is characterized in that difference AVdc between output 

25 voltage Vm and voltage control value Vdccom is corrected in accordance with output 

voltage Vm, and feedback voltage control value Vdccom_fbv2 (=Vdccom_fb) where the 
follow-up property of output voltage Vm to voltage control value Vdccom is equal to 
the reference voltage is calculated using the corrected correction difference AVdcc. 

-33 - 



The proportional gain PG and integration gain IG constituting the control gain are not 
corrected. 

An operation of controlling voltage conversion in the second embodiment will be 
described with reference to Fig. 14. The flow chart of Fig. 14 differs from the flow 
chart of Fig. 9 only in that steps S4 and S5 in the flow chart of Fig. 9 are replaced with 
steps S4a and S5a, respectively. 

Following step S3, corrector 524 A receives difference AVdc from subtracter 521 
and output voltage Vm from voltage sensor 13 to correct difference AVdc based on 
equation (6) (step 4a). Corrector 524A provides correction difference AVdcc to PI 
controller 523 A. 

PI controller 523A receives the control gain from gain determination unit 522 
(proportional gain PG and integration gain IG), and correction difference AVdcc from 
corrector 524A to calculate feedback voltage control value Vdccom_fbv2 
(=Vdccom_fb) by equation (7), and provides the calculated feedback voltage control 
value Vdccom_fbv2 to duty ratio calculation unit 541 (step S5a). 

Then, steps S6-S8 set forth before are executed, and the series of operations 
ends (step S9). 

In the present invention, voltage-up converter 12 and also feedback voltage 
control value calculation unit 52A and duty ratio converter 54 of control device 30A 
constitute the "voltage conversion apparatus". 

In the present invention, feedback voltage control value calculation unit 52 A and 
duty ratio converter 54 constitute the "control means" controlling voltage-up converter 
12 identified as the voltage converter. 

PI controller 5 23 A constitutes the "computing element" calculating feedback 
voltage control value Vdccom_fb. 

Feedback voltage control value calculation unit 52A calculates feedback voltage 
control value Vdccom_fbv2 (=Vdccom_fb) where the follow-up property of output 
voltage Vm to voltage control value Vdccom is equal to the reference voltage, likewise 
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feedback voltage control value calculation unit 52. Therefore, the feedback voltage 
control value calculation unit in the present invention is arbitrary as long as the feedback 
voltage control value where the follow-up property of output voltage Vm to voltage 
control value Vdccom is equal to the reference property is calculated by correcting 
5 difference A Vdc or feedback preliminary voltage control value Vdccom_fb __pr by 
conversion ratio Vstd/Vm. 

The voltage conversion method of the present invention is a voltage conversion 
method of converting the direct current voltage into output voltage Vm under feedback 
control in accordance with the flow chart of Fig. 14. 

10 Furthermore, feedback control in feedback voltage control value calculation unit 

52A and duty ratio converter 54 is carried out in practice by a CPU (Central Processing 
Unit). The CPU reads out a program including respective steps of the flow chart of 
Fig. 14 from a ROM (Read Only Memory), and executes the program read out to 
control voltage conversion of the direct current voltage into output voltage Vm in 

15 accordance with the flow chart of Fig. 14. Therefore, the ROM is equivalent to a 

computer (CPU) readable recording medium on which a program including respective 
steps in the flow chart of Fig. 14 is recorded. 

The voltage conversion method of the present invention may have steps S4 and 
S5 of Fig. 9 or steps S4a and S5a of Fig. 14 replaced with the step of "calculating 

20 feedback voltage control value Vdccom_fb where the follow-up property of output 
voltage Vm with respect to voltage control value Vdccom is equal to the reference 
property, based on difference AVdc and the control gain (proportional gain PG and 
integration gain IG) M . 

This step is also applicable to a program recorded in a ROM. 

25 The remaining elements are similar to those of the first embodiment. 

In accordance with the second embodiment, the voltage conversion apparatus 
includes control means correcting the difference between the output voltage and the 
designated voltage into the difference where the follow-up property of the output 
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voltage with respect to the voltage control value is equal to the reference property, and 
calculating the feedback voltage control value using the corrected correction difference 
in the feedback control where the output voltage corresponding to a converted version 
of the direct current voltage from the DC power supply is equal to the voltage control 
5 value. Therefore, the direct current voltage can be converted into the output voltage 
while keeping the follow-up property of the output voltage with respect to the voltage 
control value constant. 

[Third Embodiment] 

Referring to Fig. 15, a motor driver 100B including a voltage conversion 
10 apparatus according to a third embodiment of the present invention differs from motor 
driver 100 only in that a control device 3 OB is provided instead of control device 30 of 
motor driver 100. 

Referring to Fig. 16, control device 3 0B differs from control device 30 only in 
that a motor torque control means 30 IB is provided instead of motor torque control 
15 means 301 of control device 30. 

Motor torque control means 30 IB generates a signal PWMI by a method 
identical to that of motor torque control means 301, and also generates signal PWU in 
accordance with the method that will be described afterwards to provide the generated 
signal PWU to voltage-up converter 12. 
20 Referring to Fig. 17, motor torque control means 301B differs from motor 

torque control means 301 only in that a feedback voltage control value calculation unit 
52B is provided instead of feedback voltage control value calculation unit 52 of motor 
torque control means 301, and a duty ratio converter 54A is provided instead of duty 
ratio converter 54. 

25 Feedback voltage control value calculation unit 52B calculates feedback voltage 

control value Vdccom_fbv3 based on voltage control value Vdccom from inverter input 
voltage control value calculation unit 50 and output voltage Vm from voltage sensor 13 
to provide the calculated feedback voltage control value Vdccom_fbv3 to duty ratio 
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converter 54A. Feedback voltage control value calculation unit 52B functions likewise 
feedback voltage control value calculation unit 52. 

Duty ratio converter 54A generates and provides to voltage-up converter 12 a 
signal PWU required such that the follow-up property of output voltage Vm with 
5 respect to voltage control value Vdccom is equal to the reference property, based on 

feedback voltage control value Vdccom_fbv3, and compensation ratios Rcom, 1- Rcom 
from feedback voltage control value calculation unit 52B, and output voltage Vm from 
voltage sensor 1 3 . 

Referring to Fig. 18, feedback voltage control value calculation unit 52B differs 
10 from feedback voltage control value calculation unit 52 only in that corrector 524 of a 
feedback voltage control value calculation unit 52 is removed. 

Therefore, feedback voltage control value calculation unit 52B inserts difference 
AVdc between output voltage Vm and voltage control value Vdccom, and the control 
gain (proportional gain PG and integration gain IG) into equation (1) to calculate 
15 feedback voltage control value Vdccom_fbv3. Feedback voltage control value 
calculation unit 5 2B provides the calculated feedback voltage control value 
Vdccom_fbv3 to duty ratio calculation unit 541. 

Namely, feedback voltage control value calculation unit 52B calculates and 
provides to duty ratio calculation unit 541 a feedback voltage control value 
20 Vdccom_fbv3 determined from difference AVdc without conducting the correction as in 
the first and second embodiments. 

Feedback voltage control value Vdccom_fbv3 is equal to feedback preliminary 
voltage control value Vdccom_fb_pr in the first embodiment. 

Duty ratio converter 54A is similar to duty ratio converter 54, provided that a 
25 corrector 544 is added to duty ratio converter 54. Corrector 544 is disposed between 
duty ratio calculation unit 541 and adder 542. Corrector 544 receives duty ratio DRO 
from duty ratio calculation unit 541 and output voltage Vm from voltage sensor 13 to 
correct duty ratio DRO through the following equation using output voltage Vm to 
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calculate correction duty ratio DRC. 

Vstd 

DRC = DR0x^^ ... (10) 

Vm 

«. 

Then, corrector 544 provides correction duty ratio DRC to adder 542. 
Corrector 544 divides reference voltage Vstd by output voltage Vm to calculate 
5 a conversion ratio that is required to convert output voltage Vm into reference voltage 
Vstd where the follow-up property of output voltage Vm with respect to voltage control 
value Vdccom is equal to the reference property. Corrector 544 multiplies the 
calculated conversion ratio by duty ratio DRO to calculate a correction duty ratio DRC 
where the follow-up property of output voltage Vm with respect to voltage control 

10 value Vdccom is equal to the reference property. 

As set forth above, feedback voltage control value calculation unit 52B 
calculates feedback voltage control value Vdccom_fbv3 based on difference AVdc alone, 
without any correction. Duty ratio calculation unit 541 calculates duty ratio DRO 
based on feedback voltage control value Vdccom_fbv3 . 

15 In this case, duty ratio DRO is constant even if output voltage Vm varies as long 

as difference AVdc is constant since the duty ratio is calculated based on difference 
AVdc alone. Specifically, duty ratio calculation unit 541 calculates the duty ratio based 
on feedback voltage control value Vdccom_fbv3 to output to corrector 544 a duty ratio 
DRO identical to duty ratio DRO shown in Fig. 6. 

20 Corrector 544 corrects the duty ratio DRO from duty ratio calculation unit 541 

based on equation (10) to output correction duty ratio DRC to adder 542. 

When output voltage Vm matches reference voltage Vstd, corrector 544 
multiplies duty ratio DRO from duty ratio calculation unit 541 by the conversion ratio 
Vstd/Vm = 1 to provide correction duty ratio DRC constituted of duty ratio DRO (= 

25 DRO: refer to Fig. 6) to adder 542. When output voltage Vm is higher than reference 
voltage Vstd, corrector 544 multiplies duty ratio DRO from duty ratio calculation unit 
541 by conversion ratio Vstd/Vm < 1 to output to adder 542 a correction duty ratio 
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DRC constituted of duty ratio DR1 shown in Fig. 6. When output voltage Vm is lower 
than reference voltage Vstd, corrector 544 multiplies duty ratio DRO from duty ratio 
calculation unit 541 by conversion ratio Vstd/Vm > 1 to output to adder 542 a 
correction duty ratio DRC constituted of duty ratio DR2 shown in Fig. 6. 
5 Then, adder 542 adds compensation ratios Rcom, 1- Rcom from forward 

compensator 525 to correction duty ratio DRC from corrector 544 to provide the 
compensation duty ratios to PWM signal converter 543. 

Specifically, when output voltage Vm is equal to reference voltage Vstd, adder 
542 adds compensation ratios Rcom, 1 - Rcom to correction duty ratio DRC 

10 constituted of duty ratio DRO shown in Fig. 6 to provide the compensation duty ratio 
constituted of duty ratios DROU, DROL shown in Fig. 6 to PWM signal converter 543. 
When output voltage Vm is higher than reference voltage Vstd, adder 542 adds 
compensation ratios Rcom, 1 - Rcom to correction duty ratio DRC constituted of duty 
ratio DR1 shown in Fig. 6 to provide the compensation duty ratio constituted of duty 

15 ratios DR1U and DR1L shown in Fig. 6 to PWM signal converter 543. When output 
voltage Vm is lower than reference voltage Vstd, adder 542 adds compensation ratios 
Rcom, 1 - Rcom to correction duty ratio DRC constituted of duty ratio DR2 shown in 
Fig. 6 to provide compensation duty ratio constituted of duty ratios DR2U and DR2L 
shown in Fig. 6 to PWM signal converter 543. 

20 PWM signal converter 543 generates and provides to voltage-up converter 12 a 

signal PWU based on the compensation duty ratio from adder 542. Specifically, when 
output voltage Vm is equal to reference voltage Vstd, PWM signal converter 543 
generates signals PWUOU and PWUOL shown in Fig. 7 based on the compensation duty 
ratio constituted of duty ratios DROU and DROL shown in Fig. 6, respectively, to 

25 provide a signal PWUO constituted of signals PWUOU and PWUOL to voltage-up 

converter 12. When output voltage Vm is higher than reference voltage Vstd, PWM 
signal converter 543 generates signals PWU1U and PWU1L shown in Fig. 7 based on 
the compensated duty ratio of duty ratios DR1U and DR1L shown in Fig. 6, 
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respectively, to provide a signal PWU1 constituted of signals PWU1U and PWU1L to 
voltage-up converter 12. When output voltage Vm is lower than reference voltage 
Vstd, PWM signal converter 543 generates signals PWU2U and PWU2L shown in Fig. 
7 based on the compensation duty ratio constituted of duty ratios DR2U and DR2L 
5 shown in Fig. 6, respectively, to provide a signal PWU2 constituted of signals PWU2U 
and PWU2L to voltage-up converter 12. 

Since duty ratio DRO output from duty ratio calculation unit 541 is not a duty 
ratio calculated taking into account variation in output voltage Vm, duty ratio DRO is 
compensated in accordance with output voltage Vm in the third embodiment to 
10 calculate correction duty ratio DRC where the follow-up property of output voltage Vm 
with respect to voltage control value Vdccom is equal to the reference property. 

As a result, the direct current voltage Vb from DC power supply B is converted 
into output voltage Vm with the follow-up property of output voltage Vm to voltage 
control value Vdccom maintained at the reference property. 
15 An operation of controlling voltage conversion in the third embodiment will be 

described with reference to Fig. 19. The flow chart of Fig. 19 differs from the flow 
chart of Fig. 9 only in that steps S5-S7 of the flow chart of Fig. 9 are replaced with steps 
S51-S53, respectively. 

Following step S4, duty ratio calculation unit 541 calculates duty ratio DRO 
20 based on feedback voltage control value Vdccom_fbv3 to provide the calculated duty 
ratio DRO to corrector 544 (step S51). Corrector 544 corrects duty ratio DRO based 
on equation (10), and provides corrected duty ratio DRC to adder 542 (step S52). 

Adder 542 adds compensation ratios Rcom, 1 - Rcom from forward 
compensator 525 to correction duty ratio DRC from corrector 544 to provide a 
25 compensation duty ratio to PWM signal converter 543. PWM signal converter 543 
generates a signal PWUO (or PWU1 or PWU2) based on the compensation duty ratio 
from adder 542 (step S53). Then, step S8 is executed, and the series of operations 
ends (step S9). 
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In the present invention, voltage-up converter 12 and also feedback voltage 
control value calculation unit 52B and duty ratio converter 54A of control device 30B 
constitute the "voltage conversion apparatus". 

In the present embodiment, feedback voltage control value calculation unit 52B 
5 and duty ratio converter 54A constitute the "control means" to control voltage-up 
converter 12 identified as the voltage converter. 

Duty ratio calculation unit 541 of the third embodiment constitutes the 
"computing element" for calculating a preliminary duty ratio. 

The voltage conversion method of the present invention conducts feedback 
10 control in accordance with the flow chart of Fig. 19 to convert the direct current voltage 
into output voltage Vm. 

The feedback control in feedback voltage control value calculation unit 52B and 
duty ratio conversion unit 54A is in practice carried out by the CPU (Central Processing 
Unit). The CPU reads out a program including respective steps of the flow chart of 
15 Fig. 19 from a ROM (Read Only Memory) to execute the program read out to control 
voltage conversion of the direct current voltage into output voltage Vm in accordance 
with the flow chart of Fig. 19. Therefore, the ROM is equivalent to a computer (CPU) 
- readable recording medium with a program including respective steps of the flow chart 
of Fig. 19 recorded thereon. 
20 The remaining elements are similar to those of the first embodiment. 

In accordance with the third embodiment, the voltage conversion apparatus 
includes control means correcting the duty ratio calculated based on the difference 
between the output voltage and the designated voltage into the duty ratio where the 
follow-up property of the output voltage with respect to the voltage control value is 
25 equal to the reference property, and controlling the voltage-up converter using the 

corrected duty ratio in the feedback control such that the output voltage corresponding 
to a converted version of the direct current voltage from the DC power supply is equal 
to the voltage control value. Therefore, the direct current voltage can be converted 
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into the output voltage while keeping the follow-up property of the output voltage with 
respect to the voltage control value constant. 
[Fourth Embodiment] 

Referring to Fig. 20, a motor driver 100C incorporating a voltage conversion 
5 apparatus according to a fourth embodiment differs from motor driver 100 only in that a 
current sensor 28 and an inverter 31 are added to motor driver 100, and control device 
30 of motor driver 100 is replaced with a control device 30C. 

Capacitor C2 receives output voltage Vm from voltage-up converter 12 via 
nodes Nl and N2 to smooth the received output voltage Vm, and supplies the smoothed 
10 output voltage Vm to inverter 14 as well as to inverter 3 1 . Current sensor 24 detects 
and provides to control device 30C a motor current MCRT1. Inverter 14 converts the 
direct current voltage from capacitor C2 into an alternating voltage based on a signal 
PWMI1 from control device 30C to drive alternating current motor Ml, and converts 
the alternating voltage generated by alternating current motor Ml into a direct current 
15 voltage based on a signal PWMC1 . 

Inverter 3 1 has a configuration similar to that of inverter 14. Inverter 3 1 
converts the direct current voltage from capacitor C2 into an alternating voltage based 
on a signal PWMI2 from control device 30C to drive alternating current motor M2, and 
converts the alternating voltage generated by alternating current motor M2 into a direct 
20 current voltage based on a signal PWMC2. Current sensor 28 detects and provides to 
control device 30C a motor current MCRT2 flowing to each phase of alternating current 
motor M2. 

Control device 30C receives direct current voltage Vb output from DC power 
supply B from voltage sensor 10, receives motor currents MCRT1 and MCRT2 from 
25 current sensors 24 and 28, respectively, receives output voltage Vm of voltage-up 
converter 12 (the input voltage to inverters 14 and 31) from voltage sensor 13 and 
receives torque control values TR1 and TR2 and motor rotation numbers MRN1 and 
MRN2 from the external ECU. Control device 30C generates and provides to inverter 
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14 signal PWMI1 required for switching control of NPN transistors Q3-Q8 of inverter 
14 when inverter 14 drives alternating current motor Ml by the method set forth above, 
based on voltage Vb, output voltage Vm, motor current MCRT1, torque control value 
TR1 and motor rotation number MRN1 . 

Furthermore, control device 30C generates and provides to inverter 31a signal 
PWMI2 required for switching control of NPN transistors Q3-Q8 of inverter 31 when 
inverter 3 1 drives alternating current motor M2 by the method set forth above, based on 
direct current voltage Vb, output voltage Vm, motor current MCRT2, torque control 
value TR2 and motor rotation number MRN2. 

When inverter 14 or 3 1 drives alternating current motor Ml or M2, control 
device 30C generates and provides to voltage-up converter 12 a signal PWU required 
for switching control of NPN transistors Ql and Q2 of voltage-up converter 12 by the 
method set forth above (any of the methods of the first to third embodiments), based on 
direct current voltage Vb, output voltage Vm, motor current MCRT1 (or MCRT2), 
torque control value TR1 (or TR2), and motor rotation number MRN1 (or MRN2). 

Furthermore, control device 30C generates a signal PWMC1 required to convert 
the alternating voltage generated by alternating current motor Ml in the regenerative 
braking mode into the direct current voltage or a signal PWMC2 required to convert the 
alternating voltage generated by alternating current motor M2 in the regenerative 
braking mode into the direct current voltage to output the generated signal PWMC1 or 
PWMC2 to inverter 14 or inverter 31, respectively. In this case, control device 30C 
generates and provides to voltage-up converter 12 a signal PWD to control voltage-up 
converter 12 such that the direct current voltage from inverter 14 or 3 1 is down- 
converted to charge DC power supply B. 

Control device 30C generates and provides to system relays SRI and SR2 signal 
SE to turn on system relays SRI and SR2. 

Referring to Fig. 21, control device 30C includes a motor torque control means 
301 C and voltage conversion control means 3 02 A. Motor torque control means 30 1C 
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generates and provides to inverters 14 and 31 signals PWMI1 and PWMI2, respectively, 
based on motor currents MCRT1 and 2, torque control values TR1 and 2, motor 
rotation numbers MRN1 and 2, direct current voltage Vb and output voltage Vm. 
Motor torque control means 30 1C generates and provides to voltage-up converter 12 a 
5 signal PWU based on direct current voltage Vb 5 output voltage Vm, motor current 

MCRT1 (or MCRT2), torque control value TR1 (or TR2), and motor rotation number 
MRN1 (or MRN2). 

Upon receiving from the external ECU a signal RGE indicating that the hybrid 
vehicle or electric vehicle in which motor driver 100 is incorporated has entered the 
10 regenerative braking mode, voltage conversion control means 302A generates signals 
PWMC1 and PWMC2 and signal PWD to provide generated signals PWMC1 and 
PWMC2 to inverters 14 and 31, respectively, and signal PWD to voltage-up converter 
12. 

Referring to Fig. 22, motor torque control means 301 C has a configuration 
15 identical to that of motor torque control means 301 (refer to Fig. 3). It is to be noted 
that motor torque control means 301 C differs from motor torque control means 301 in 
that motor torque control means 301 generates signals PWMI1, 2 and signal PWU 
based on two torque control values TR1, 2, two motor currents MCT1, 2, and two 
motor rotation numbers MRN1, 2 to control inverters 14, 3 1, and voltage-up converter 
20 12 based on the generated signals PWMI1, PWMI2, and PWU, respectively. 

Motor control phase voltage calculation unit 40 calculates the voltage to be 
applied to each phase of alternating current motor Ml based on output voltage Vm from 
voltage-up converter 12, motor current MCRT1, and torque control value TR1, and 
calculates the voltage to be applied to each phase of alternating current motor M2 based 
25 on output voltage Vm, motor current MCRT2, and torque control value TR2. Motor 
control phase voltage calculation unit 40 provides the calculated voltage for alternating 
current motor Ml or M2 to PWM signal converter 42 for the inverter. 

Upon receiving the voltage for alternating current motor Ml from motor control 



-44- 



phase voltage calculation unit 40, inverter PWM signal converter 42 generates and 
provides to inverter 14 signal PWMI1 based on the received voltage. Upon receiving 
the voltage for alternating current motor M2 from motor control phase voltage 
calculation unit 40, inverter PWM signal converter 42 generates and provides to inverter 
5 31 signal PWMI2 based on the received voltage. 

Inverter input voltage control value calculation unit 50 calculates a voltage 
control value Vdccom based on torque control value TR1 and motor rotation number 
MRN1 (or torque control value TR1 and motor rotation number MRN2), and outputs 
the calculated voltage control value Vdccom to feedback voltage control value 

10 calculation unit 52. 

As described in the first embodiment, based on voltage control value Vdccom, 
output voltage Vm and battery voltage Vb, feedback voltage control value calculation 
unit 52 calculates feedback voltage control value Vdccom_fb and compensation ratios 
Rcom, 1 - Rcom where the follow-up property of output voltage Vm with respect to 

15 voltage control value Vdccom is equal to the reference property to provide the 

calculated feedback voltage control value Vdccom_fb and compensation ratios Rcom, 1 
- Rcom to duty ratio converter 54. 

Duty ratio converter 54 generates and provides to voltage-up converter 12 a 
signal PWU (any of signals PWUO, PWU1, and PWU2) as described in the first 

20 embodiment. 

Accordingly, the follow-up property of output voltage Vm with respect to 
voltage control value Vdccom is maintained at the reference property, even in the case 
where two alternating current motors Ml and M2 are connected, and direct current 
voltage Vb output from DC power supply B is converted into output voltage Vm. 

25 In motor torque control means 301C, a feedback voltage control value 

calculation unit 52A may be applied instead of feedback voltage control value 
calculation unit 52. 

Furthermore, in motor torque control means 30 1C, feedback voltage control 
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value calculation unit 52B and duty ratio converter 54 A may be applied instead of 
feedback voltage control value calculation unit 52 and duty ratio converter 54, 
respectively. 

When feedback voltage control value calculation unit 52 and duty ratio converter 
5 54 are applied to motor torque control means 301 C, voltage conversion of direct current 
voltage Vb into output voltage Vm that maintains the follow-up property of output 
voltage Vm with respect to voltage control value Vdccom at the reference property is 
under control in accordance with the flow chart of Fig. 9. 

When feedback voltage control value calculation unit 52A and duty ratio 

10 converter 54 are applied to motor torque control means 30 1C, voltage conversion of 
direct current voltage Vb into output voltage Vm that maintains the follow-up property 
of output voltage Vm with respect to voltage control value Vdccom at the reference 
property is under control in accordance with the flow chart of Fig. 14. 

When feedback voltage control value calculation unit 52B and duty ratio 

15 converter 54A are applied to motor torque control means 301 C, voltage conversion of 
direct current voltage Vb into output voltage Vm that maintains the follow-up property 
of output voltage Vm with respect to voltage control value Vdccom at the reference 
property is under control in accordance with the flow chart of Fig. 19. 

In motor driver 100C, the number of motors to be driven is not limited two; 

20 three or more motors can be driven. For example, alternating current motor Ml, 
alternating current motor M2, and the engine can be connected to a planetary gear 
mechanism (engine output shaft is connected to a carrier, alternating current motor Ml 
is connected to a sun gear, and alternating current motor M2 is connected to a ring 
gear), and the output shaft of the ring gear is configured such that the front wheel 

25 driving shaft, for example, of the vehicle is rotated, and the third alternating current 
motor can be arranged in the vehicle such that the rear wheel driving shaft is rotated. 
The present invention can be arranged appropriately in accordance with the various 
configurations of the electric vehicle and hybrid vehicle. 
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An entire operation of motor driver 100C will be described hereinafter with 
reference to Fig. 20 again. Description is provided based on control device 30C 
including feedback voltage control value calculation unit 52 and duty ratio calculation 
unit 54. 

5 Upon initiation of the entire operation, control device 30C generates and 

provides to system relays SRI and SR2 signal SE, whereby system relays SRI and SR2 
are turned on. DC power supply B provides the direct current voltage to voltage-up 
converter 12 via system relays SRI and SR2. 

Voltage sensor 10 detects direct current voltage Vb output from DC power 

10 supply B to provide the detected direct current voltage Vb to control device 30C. 

Voltage sensor 13 detects voltage Vm across capacitor C2 to provide the detected 
voltage Vm to control device 30C. Current sensor 24 detects and provides to control 
device 30C motor current MCRT1 flowing to alternating current motor Ml. Current 
sensor 28 detects and provides to control device 30C motor current MCRT2 flowing to 

15 alternating current motor M2. Control device 30C receives torque control values TR1, 
2 and motor rotation numbers MRN1, 2 from the external ECU. 

In response, control device 30C generates and provides to inverter 14 signal 
PWMI1 by the method set forth above, based on direct current voltage Vb, output 
voltage Vm, motor current MCRT1, torque control value TR1 and motor rotation 

20 number MRN1 . Control device 30C generates and provides to inverter 3 1 signal 
PWMI2 by the method set forth above based on direct current voltage Vb, output 
voltage Vm, motor current MCRT2, torque control value TR2 and motor rotation 
number MRN2. 

Further, when inverter 14 (or 3 1) drives alternating current motor Ml (or M2), 
25 control device 30C generates and provides to voltage-up converter 12 signal PWU 

required for switching control of NPN transistors Ql and Q2 of voltage-up converter 12 
by the method set forth above (first embodiment), based on direct current voltage Vb, 
output voltage Vm, motor current MCRT1 (or MCRT2), torque control value TR1 (or 
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TR2), and motor rotation number MRN1 (or MRN2). 

Specifically, control device 30C calculates feedback voltage control value 
Vdccom_fb where the follow-up property of output voltage Vm with respect to voltage 
control value Vdccom is equal to the reference property, as well as compensation ratios 
Rcom, 1 - Rcom, based on voltage control value Vdccom, output voltage Vm and 
battery voltage Vb to generate and provide to voltage-up converter 12 signal PWU (any 
of signals PWUO, PWU1 and PWU2) based on the calculated feedback voltage control 
value Vdccom_fb and compensation ratios Rcom, 1 - Rcom. 

Accordingly, voltage-up converter 12 boosts the direct current voltage from DC 
power supply B while maintaining the follow-up property of output voltage Vm with 
respect to voltage control value Vdccom at the reference property in accordance with 
signal PWU (any of signals PWUO, PWU1 and PWU2), and supplies the boosted direct 
current voltage to capacitor C2 via nodes Nland N2. Inverter 14 converts the direct 
current voltage smoothed by capacitor C2 into the alternating voltage by signal PWMU 
from control device 30C to drive alternating current motor Ml . Further, inverter 3 1 
converts the direct current voltage smoothed by capacitor C2 into the alternating 
voltage by signal PWMI2 from control device 30C to drive alternating current motor 
M2. Accordingly, alternating current motor Ml generates the torque designated by 
torque control value TR1, whereas alternating current motor M2 generates the torque 
designated by torque control value TR2. 

When the hybrid vehicle or electric vehicle in which motor driver 100C is 
incorporated is in the regenerative braking mode, control device 30C receives signal 
RGE from the external ECU to generate and provide to inverters 14 and 3 1 signals 
PWMC 1 , 2, respectively, in accordance with the received signal RGE, and to generate 
and provide to voltage-up converter 12 signal PWD. 

Accordingly, inverter 14 converts the alternating voltage generated at alternating 
current motor Ml into the direct current voltage in accordance with signal PWMC1 to 
supply the converted direct current voltage to voltage-up converter 12 via capacitor C2. 
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Further, inverter 3 1 converts the alternating voltage generated by alternating current 
motor M2 into the direct current voltage in accordance with signal PWMC2 to supply 
the converted direct current voltage to voltage-up converter 12 via capacitor C2. 
Voltage-up converter 12 receives the direct current from capacitor C2 via nodes Nl and 
5 N2 to down-convert the received direct current voltage by signal PWD, and supplies the 
down-converted direct current voltage to DC power supply B. Accordingly, DC 
power supply B is charged by the power generated by alternating current motor Ml or 
M2. 

In the case where control device 30C includes feedback voltage control value 
10 calculation unit 52A and duty ratio calculation unit 54, the entire operation of motor 
driver 100C is similar to the above-described operation, provided that the boosting 
operation by voltage-up converter 12 is carried out in accordance with the flow chart of 
Fig. 14. 

Further, in the case where control device C includes feedback voltage control 
15 value calculation unit 52B and duty ratio calculation unit 54 A, the entire operation of 
motor driver 100C is similar to the above-described operation, provided that the 
boosting operation of voltage-up converter 12 is carried out in accordance with the flow 
chart of Fig. 19. 

The remaining elements are similar to those of the first to third embodiments. 

20 In accordance with the fourth embodiment, the voltage conversion apparatus 

includes control means for controlling the voltage-up converter such that the follow-up 
property of the output voltage to the voltage control value is equal to the reference 
property, under feedback control such that the output voltage that is a converted version 
of the direct current voltage from the DC power supply is equal to the voltage control 

25 value. Since the output voltage converted by the voltage conversion apparatus is 
provided to a plurality of invertors that drive a plurality of motors, the direct current 
voltage can be converted into the output voltage while keeping the follow-up property 
of the output voltage with respect to the voltage control value constant even in the case 
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where a plurality of motors are connected. 

Although the above description is based on a case where the present invention is 
applied to feedback control using proportional gain PG and integration gain IG, the 
present invention may be applied to feedback control using proportional gain PG, 
integration gain IG, and a derivative gain DG. 

It will be understood that the embodiments disclosed herein are by way of 
illustration and example only, and is not to be taken by way of limitation. The scope of 
the present invention is defined by the appended claims rather than by the description of 
the embodiments set forth above. All changes that fall within the limits and bounds of 
the claims, or equivalence thereof are therefore intended to be embraced by the claims. 

Industrial Applicability 

The present invention is applied to a voltage conversion apparatus converting the 
direct current voltage into the output voltage such that the follow-up property of the 
output voltage with respect to the designated voltage is constant. 
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